41. The system was simplified by using hydrogen atoms to terminate bonds that were more than two bonds away from the reaction center. The aluminum catalytic center was modeled as Al(OH) 3 . On the (Bu t O) 3 SiOH, the two butoxy groups not involved in the initial chemisorption reaction are replaced by hydroxyl groups. The butoxy group that is initially cleaved as tert-butanol was simplified to a methyl group leaving as methanol. The structures and energies of the reactants, products, and transition state were calculated by the Gaussian program with density functional theory B3LYP using a very large basis set, 6-311ϩϩG(3df,3pd)//6-31ϩG(d (6, 7) . The Anc phenotype is observed in all somatic, postembryonic syncytial cells, even in binucleated intestinal cells (7) . We determined the molecular identity of anc-1 (8) . RNA interference (RNAi) experiments and the identification of a molecular lesion in the predicted open reading frame of anc-1(e1873) confirmed that we had cloned anc-1 (8) (Fig. 1, A to D, and fig. S1 ). This could allow a single ANC-1 molecule to extend more than 0.5 m, long enough to stretch between the nucleus and the actin cytoskeleton. The COOH-terminal 60 residues of ANC-1 were found to be conserved with the COOH-termini of Drosophila Klarsicht (9, 10) and of mammalian Syne-1 and Syne-2 (supporting online text, Fig. 1E , and fig. S2 ) (11) (12) (13) (14) . We call this the KASH domain (for Klarsicht/ ANC-1/Syne-1 homology). We showed by reverse transcription-polymerase chain reaction (RT-PCR) that the Drosophila CK00024 sequence, located nearly 45 kbp downstream of the previously known 3Ј end of the msp-300 transcript (15, 16) , is part of the msp-300 gene. Syne-1 and Syne-2 (synaptic nuclei expressed, also known as Myne, Nesprin, and NUANCE) localize to the nuclear envelope of mouse and human muscle cells throughout development (11) (12) (13) (14) . The KASH domains of Syne-1 and Syne-2 are sufficient for nuclear envelope targeting in tissue culture cells (13, 14) . Syne-1 is enriched at the nuclear envelope of myonuclei clustered at the neuromuscular junction, which suggests a role in nuclear positioning at the synapse (11) . Msp-300, Syne-1, and Syne-2 have large central domains of multiple spectrin repeats that could function analogously to the long coiled domains of ANC-1 (17) . The NH 2 -terminus of ANC-1 is also similar to that of Msp-300 and the Syne proteins, containing two approximately 100 -amino-acid stretches of homology to the calponin domains of human alpha-actinin (supporting online text, Fig. 1E , and fig. S2 ). Calponin domains are actin-binding motifs (18) , suggesting that the NH 2 -terminal domain of ANC-1 interacts with the actin cytoskeleton.
Antibodies were raised against the tandem repeat region of ANC-1; the specificity of the affinity-purified antibody was shown by immunoblot analysis ( Fig. 2A) and by the fact that purified antibodies in anc-1 mutant tissues failed to localize. ANC-1 was first detected in The predicted intron/exon structure of anc-1. The site of the anc-1(e1873) molecular lesion is marked by an arrow. Sequenced cDNAs that were identified either by expressed sequence tags or as RT-PCR products (8) are depicted below the structure (E) A depiction of the predicted domains of ANC-1 and related proteins. All shades of blue represent regions highly predicted to be helical, with interspersed regions of predicted coiled-coil domains. The dark blue regions of the Syne proteins and of Msp-300 represent spectrin repeats. The mid-shade blue in ANC-1 represents repetitive regions. The conserved KASH domain at the COOH-terminus is yellow. Black arrowheads mark predicted transmembrane domains. The NH 2 -terminal regions with homology to calponin-type actinbinding domains are red. Some of the Syne protein sequences were deduced from genome projects (supporting online text). Human Syne-2 corresponds to NUANCE (14) . L1 larvae and was observed through adult stages where antibodies localized to the cytoplasm of all postembryonic somatic cells (Fig. 2, B and C). Peripheral nuclear localization of ANC-1 was observed in a variety of cells, including uterine cells. The nuclear envelope component UNC-84 is required for nuclear migration and anchorage (6, 19, 20) . We tested whether ANC-1 localized properly in a collection of unc-84 mutant backgrounds. ANC-1 failed to localize to the nuclear periphery in the null unc-84 allele and in alleles that have missense mutations in or near the conserved SUN (for Sad1p, UNC-84 homology) domain of UNC-84 and that disrupt both nuclear migration and anchorage (6) (Fig. 2E) . In contrast, ANC-1 was detected at the nuclear envelope in unc-84 alleles that have missense mutations or small deletions in the NH 2 -terminus of UNC-84 and that disrupt only migration (6) (Fig. 2F) . ANC-1 was still detected at normal levels in the cytoplasm in all unc-84 mutants. Thus the UNC-84 SUN domain is required for ANC-1 localization to the nuclear envelope but not for overall ANC-1 levels. UNC-83, a component required for nuclear migration, also localizes to the nuclear envelope in an UNC-84 -dependent manner (21) . The predicted transmembrane domains in both ANC-1 and UNC-83 may play important roles in localization or maintenance of the proteins at the nuclear envelope, as appears to be the case for Syne-1 (13) .
There may be a limited number of ANC-1 docking sites at the nuclear envelope. To test this possibility, we bred animals that overexpressed the COOH-terminal 346 residues of ANC-1, including the KASH domain, using a heat shock promoter. Heat shock of these transgenic animals for 2 hours caused a strong nuclear anchorage defect in 100% of larval animals (Fig. 3C ). In addition, staining with hemagglutinin (HA) epitope antibodies showed that the COOH-terminal domain of ANC-1 localized to the nuclear envelope (Fig. 3, H to J) . As a control, overexpression of an 1887-amino acid fragment in the middle of ANC-1 did not cause any detectable mutant phenotype (Fig. 3B) . Thus, multiple ANC-1 molecules are required to bind to a limited number of docking sites at the nuclear envelope, suggesting that the overexpressed domain blocks endogenous ANC-1 from docking at the nuclear envelope. This is likely to occur by disrupting the interaction between UNC-84 and ANC-1. However, we were unable to detect a direct physical interaction between the SUN domain of UNC-84 and the COOH-terminal domain of ANC-1 using the two-hybrid system or by glutathione S-transferase pull-down assays. Thus, UNC-84 may function through other proteins to recruit or maintain ANC-1 at the nuclear envelope.
To determine whether ANC-1 could bind directly to actin, an in vitro F-actin binding assay was performed. The NH 2 -terminal domain of ANC-1 was shown to bind to filamentous actin but not to monomeric actin (Fig. 3D) . The NH 2 -domains of MSP-300 and Syne-2 also bind actin in vitro (14, 15) . The conserved nature of the NH 2 -terminus of ANC-1 suggests that ANC-1 binds actin in vivo. To test this, the NH 2 -terminal 566 residues of ANC-1 were fused to green fluorescent protein (GFP) and expressed in worms from a heat shock promoter. When subjected to a short heat shock at 33°C for 2 hours, the NH 2 -terminal ANC-1::GFP completely colocalized with actin in body wall muscles (Fig.  3, E to G) , suggesting that the in vitro actinbinding activity is functional in the cell. The analogous construct of human Syne-2 also binds actin in vitro and colocalizes with actin in tissue culture (14) . Long-term overexpression of NH 2 -terminal ANC-1::GFP led to a paralyzed and arrested elongation at twofold (Pat) phenotype, in which embryos failed to elongate because of blocked muscle development (supporting online text and fig. S3 ). Overexpression of the NH 2 -terminus of ANC-1 by a stronger heat shock caused a weak Anc phenotype; clumps of at least three hypodermal nuclei were observed in 23% of larval animals (n ϭ 77), whereas 4% of worms had a severe Anc phenotype (Fig.  3A) . The lack of a more severe dominant Anc phenotype in the syncytial hypodermis may be due to the lower expression level of the transgene in hypodermal cell lineages, as judged by GFP expression, or due to an abundance of actin-binding sites available for ANC-1 in these cells.
Mutations in anc-1 disrupt the positioning and shape of mitochondria (7) . We examined this phenotype in live animals using a GFP construct targeted to the mitochondria of body wall muscles (22) . In wild-type animals, mitochondria appeared long and string-like (Fig.  4A) . The mitochondria also remained anchored and spread throughout the cell as the worm moved. In contrast, mitochondria in anc-1(e1873) animals were spherically shaped, often clustered together, and were pushed around within the cytoplasm as the animal moved (Fig.  4B ). Mitochondria were not shaped or positioned properly in an unc-60(r398) mutant background (Fig. 4D) . A partial loss-of-function allele in the C. elegans cofilin homolog, unc-60(r398), disrupts actin filaments in the body wall muscle of adult hermaphrodites (23) . Therefore, actin filaments are required for proper positioning of mitochondria. The anchorage of mitochondria in unc-84(n369) was normal (Fig. 4C) , suggesting that ANC-1 does not require UNC-84 to anchor mitochondria as it does for nuclear anchorage.
Our model ( fig. S4 ) suggests that ANC-1 functions to anchor nuclei by tethering the nucleus to the actin cytoskeleton and predicts that the KASH domain of ANC-1 is localized to the outer nuclear envelope by UNC-84. Digitonin extraction experiments show that human Syne-2 localizes to the outer nuclear envelope (14) . ANC-1 would then extend away from the nucleus, where its NH 2 -terminus binds to the stable actin cytoskeleton. As a result, ANC-1 molecules function to directly attach the actin cytoskeleton to the nuclear envelope. Before a nucleus can migrate through the cytoplasm of the cell, the nuclear anchor must be released. The SUN domain of UNC-84 is likely to be intimately involved with this switch in nuclear behavior, because it is required for both ANC-1 and UNC-83 localization at the nuclear envelope (21) (Fig. 2) . UNC-83 is required for normal nuclear migration but not for nuclear anchorage (21). It is not known whether ANC-1 and UNC-83 can interact with UNC-84 simultaneously, although both antigens are detected at the nuclear envelope of adult hypodermal cells. Overexpression of UNC-83 did not cause any obvious anchorage phenotype, eliminating a competition model.
Dystrophin and the associated dystrophin-glycoprotein complex function to connect the actin cytoskeleton to the extracellular matrix; mutations in these components lead to Duchenne or Becker muscular dystrophies (24) . Although ANC-1 and Syne connect the actin cytoskeleton to the nuclear matrix whereas dystrophin connects actin to the extracellular matrix, there are some similarities between these two mechanisms. ANC-1 and associated proteins, including UNC-84 and lamin A/C (12), are likely to create a bridge across the nuclear envelope. Mutations in the gene encoding lamin A/C lead to EmeryDreifuss muscular dystrophy (24) , which suggests a potential link between the ANC-1 and Syne proteins and muscular dystrophy. Masato Taira 1 †
A goal in visual neuroscience is to reveal how the visual system reconstructs the three-dimensional (3D) representation of the world from two-dimensional retinal images. Although the importance of texture gradient cues in the process of 3D vision has been pointed out, most studies concentrate on the neural process based on binocular disparity. We report the neural correlates of depth perception from texture gradient in the cortex. In the caudal part of the lateral bank of intraparietal sulcus, many neurons were selective to 3D surface orientation defined by texture gradient, and their response was invariant over different types of texture pattern. Most of these neurons were also sensitive to a disparity gradient, suggesting that they integrate texture and disparity gradient signals to construct a generalized representation of 3D surface orientation.
The real world is three-dimensional (3D), but when projected to the retina it is reduced to a two-dimensional (2D) image. Nevertheless, what we see and what we perceive is all 3D. Therefore, the brain must be reconstructing the 3D representation of the real world from the 2D images on the retinae. Among many kinds of depth cues, binocular disparity has been suggested to be critical in many psychophysical studies (1) (2) (3) . Neurons in striate (4-7) and extrastriate (6-10) visual areas are sensitive to binocular disparity signals. Recently, neurons that code 3D features of a visual surface by higher-order processing of 
